Bioassay-guided fractionation of the organic extract derived from the terrestrial fungus Penicillium coalescens led to the isolation of the known mycotoxin (-)-25 botryodiplodin (1) and eight new structurally related analogues (2-9). Structures of the novel compounds were determined by MS and NMR studies, including 1D and 2D NMR. A likely biogenetic pathway from the aldehydic open form of 1 (C7 unit, U1), is proposed for these metabolites. Among of all the isolated metabolites, only (-)-1 showed antifungal, antibacterial and insecticidal activity. According to our knowledge, 30 this latter activity is a new property attributed to (-)-1.
INTRODUCTION
Terrestrial fungi are a well recognized source for new bioactive metabolites (1), including various mycotoxins (2, 3). In the course of research aimed at finding new bioactive agents from fungi, the organic extract from the culture broth of the terrestrial 40 fungus Penicillium coalescens (4) was seen to exhibit potent antifungal, antibacterial and insecticidal activities. The known mycotoxin (-)-botryodiplodin (1) and eight new related analogues (2-9) were isolated and identified by a bioassay-guided fractionation of the fungal extract, in which (-)-1 was found to be the most abundant compound Macrophomina phaseolina (12) and others (13) . In addition, P. roqueforti and M. phaseolina fungi have been reported as a contaminant of processed food (9) and the 50 causal agent of numerous plant diseases (12) , respectively. (-)-1 has received attention because of its potent antibiotic (5), antileukemic (14) and mutagen (15) activities as well as the ability to induce protein-DNA cross-links in mammalian cells (16) (17) (18) (19) (20) and to inhibit cell multiplication in growing cultures (21). It has been proposed that biogenetically, (-)-1 belongs to the polyketide pathway (22) . Furthermore, several 55 syntheses of (-)-1 and its derivatives have been reported (6, (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) .
Herein are depicted the isolation, structural elucidation and chemical structure relationships for the new analogues.
Merck) (1:80, w/w) using stepwise gradient elution from 75% hexane in ethyl acetate, 85 100% ethyl acetate to 100% methanol. The volume eluted in each step was 2 L and thirteen fractions were obtained, evaporated to dryness and tested for biological activities. The dried mycelium (176 g) was firstly extracted with dichloromethane (3 x 1 L) to give 0.25 g of dichloromethanic extract, and then with methanol (3 x 1 L) to obtain 13.5 g of methanolic extract. 90
Isolation and Purification of Secondary Metabolites. The fraction F-IX was subjected to silica gel flash column chromatography using hexane/ethyl acetate (5:5, v/v) as mobile phase, obtaining an anomeric mixture of the (-)-botryodiplodin (1, 1.5g, 18.52%). This major compound (-)-1 was not visible neither at λ 254 nm nor λ 365 nm and Cerium (IV) sulfate was employed for its visualization on the TLC plate. 95 mL/min of acetonitrile/water (6:4, v/v) for 4 (tR= 22.1 min) and acetonitrile/water 110 (7.5:2.5, v/v) for 5 (tR= 13.9 min).
Finally, the less polar fraction, F-II, was subjected to silica gel flash chromatography using a gradient from hexane (with 2% triethylamine) to 100% ethyl acetate. The subfractions 2 and 6 were purified by semipreparative RP-HPLC using a Tracer Excel ODSB C18 column, 5 µm (25.0 x 1.0 cm) and eluting the mobile phase with a flow of 2 115 mL/min. The subfraction 6 was eluted with acetonitrile/water (5:5, v/v) to afford compounds 6 (0.8 mg, 0.01%, tR= 32.4 min), 7 (0.7 mg, 0.009%, tR= 28.3 min) and 8 (2.4 mg, 0.03%, tR= 26.1 min) while the subfraction 2 was run with acetonitrile/water (7:3, v/v) to give compound 9 (0.5 mg, 0.006%, tR= 19.8 min). 
Characterization of

Biological Assays. Insects Oncopeltus fasciatus Dallas and Ceratitis capitata
Wiedemann were maintained at 27 ± 1ºC, 50-60% relative humidity and a 16h/8h 200 (light/dark) photoperiod on a diet based on sunflower seeds and protein yeast autolysate Entomotoxicity Activity. The entomotoxicity against O. fasciatus was carried out 215 basically according to the contact method of Bowers et al. (36) . It was evaluated by topical application to obtain either acute mortality (%) for the extract (100 µg/nymph) and fractions (25 µg/nymph) or LD50 values for the pure compounds. A total of 1 µL of the appropriate dilution in acetone was applied, using a micropipet, on the ventral surface of the abdomen of 10 newly moulted fourth-instar nymphs, which had 220 previously been anesthetized with chloroform. After treatment, nymphs were confined in a 9 cm Petri dish with food and water provided ad libitum. Acute toxicity effects were considered according to the number of dead insects after 72 h of exposure to the chemicals. Controls were carried out in parallel and received the same amount of acetone as treated insects. All assays were conducted in triplicate. 225
The entomotoxicity against C. capitata was evaluated by topical application (37) to obtain either acute mortality (%) for the extract (100 µg/fly) and fractions (25 µg/fly) or LD50 values for the pure compounds. A total of 1 µL of the appropriated dilution in acetone was applied, using a micropipet, on the ventral surface of the abdomen of 2-3-day-old adult flies (five males and five females), which had previously been 230 anesthetized with ice. Controls were similarly grouped, and each fly was treated with 1 µL of acetone. After treatment, the flies were placed into a methacrylate box (10 x 10 x diet and water were provided ad libitum. Mortality was assessed at intervals of 24 h for 10 days in triplicate. 235
Antifungal and Antibacterial Activities. These assays were determined in triplicate by the paper disk-agar diffusion assay according to Cole (38) . The dose of the assays were at 100 µg/mm 2 (2 mg/disk) for organic extracts, at 50 µg/mm 2 (1 mg/disk) for the fractions and at 10 µg/mm 2 (0.2 mg/disk) for pure compounds. The fungal strains were seeded in Petri dishes containing PDA culture medium and incubated for 7 days at 28 240 ºC. Then a solution of Tween 80 (0.05%) in sterile distilled water was used to obtain a suspension containing ca. 10 6 conidia/ mL. 1 mL of this conidia suspension was added to 15 mL of PDA in a Petri dish. After the solidification, four Wathman disks (nº 113, 0.5 cm diameter) impregnated with the tested products, at appropriate doses, were added in these Petri dishes. PDA plates containing disks impregnated only with the solvent 245 used to dissolve the tested compounds were used as negative controls, and disks with benomyl (methyl-1-[butylcarbamoyl]-2-benzymidazolecarbamate; Sigma), at different concentrations according to the fungus species assayed, were used as positive controls.
Fungicidal activity was determined measuring the inhibition zone developed around the paper disk indicating a zone of no growth. 250
In the bactericidal tests, cultures of 24 h of each bacterium, maintained in inclined tubes on solid culture medium, were reactivated with a Nutrient Broth (Difco) and were incubated for 24 h at 28 ºC or 37 ºC, according to the bacterium. Then, 1 mL of this suspension was inoculated in a Petri plate, and 15 mL of culture medium Plate Count Agar (Difco) were added. When the medium was completely solidified, five paper disks 255 loaded with the tested products were placed in the dish. These plates were incubated for 24 h in the dark at 28ºC or 37ºC, according to the bacterium. Plate Count Agar plates containing disks impregnated only with the solvent used to dissolve the tested compounds were used as negative controls, and a positive control with tetracycline chlorhydrate (10 μg/cm 2 ) was performed to appraise the level of activities. Bactericidal 260 activity was determined measuring the halo developed around the paper disk.
Statistical Analysis. Probit analysis (39) was used to determine the LD50 values. observed in its NMR spectra. From these data we deduced that the compound (-)-2 must be a symmetrical dimer of (-)-1. In addition, the acetylation reaction of (-)-2 was unsuccessful, indicating the absence of a free hydroxyl group. In accordance with the absolute configuration of (-)-1, previously determined by crystal X-ray analysis (8) C-7'). Given that the C-6' (δ 124.64) was correlated in the HSQC spectrum to two 290 proton resonances at δ 6.07 and 5.76, an olefinic methylene contained into this C7 fragment was proposed. Analysis of the 2D NMR spectra revealed that the linkage between this C7 moiety and botryodiplodin core was at hydroxyl group in C-2 since HMBC correlations were observed from the H-2 (δ 4.70) to C-5' (δ 71.66).
Furthermore, assuming that the stereogenic centres of the parent compound (-)-(3R,4S)-295
1 were fixed through the likely biogenetic pathway, the configurations of the carbons C- unstable suffering facile degradation and making its NOE studies inaccessible, therefore the stereogenic centers C-7a and C-2 could not be determined.
The structure of (-)-4-methyl-botryodioxanenone (6) was elucidated by means of its 1D and 2D NMR spectra. H-9 (δ 1.14) were observed, establishing the H-9 on position 4 of the 1,3-dioxane ring.
The stereochemistry of C-5, C-4a and C-4' was fixed through its biogenetic route as (5R,4aR,4'R), while both the coupling constant J7a,4a=4.5 Hz and the NOESY correlations of H-4a to H-7a determined a cis ring junction (6, 40). Finally, the NOESY correlations of H-2 (δ 4.75) to H-4 (δ 3.40), and H-4 (δ 3.40) to H-4a (δ 1.45) showed 355 they were orientated on the same side, suggesting a feasible (2S,4S,4aR,5R,7aS,4'R)-6 configuration.
In view of 1D and 2D NMR spectra of (+)-4-epi-methyl-botryodioxanenone (7), an steroisomer of compound (-)-6 was proposed. The great difference in 1 U1 ). This unit U1 might be reactive enough to undergo different reaction sequences (Figure 2) . In order to determine that compounds 3-8 were not formed from (-)-1 during the purification procedures, it is highlighted that the initial TLC of the organic extract from the broth already showed the metabolite profile, in which no changes were 380 observed after successive chromatographies. In addition, (-)-1 was dissolved in ethyl acetate, treated with silica gel (1:80, w/w) and stirred overnight at room temperature, after which both the TLC and 1 H NMR of the residue showed no evidence of the botryodiplodin analogues (3) (4) (5) (6) (7) (8) .
We propose chemical structure relationships between (-)-1 and the other metabolites 385 3-8, that might also coincide with a possible biogenetic pathway (Figure 2 
Biological Assays of the Organic Extracts, Fractions and Isolated Compounds.
Biological assays of the extracts were performed, and only the organic extract from the 400 culture broth exhibited acute antifungal, antibacterial and insecticidal activities ( Table   1) . Neither the dichloromethanic extract nor the methanolic extract of the mycelium showed biological activity. For the antifungal and antibacterial assays, the fractions F-I to F-XIII, were only tested against those strains that initially had been the most sensitive to the extract: P. citrophthora, V. dahliae, S. aureus and S. typhi. After performing 405 biological assays of the all fractions, the F-IX was found to be the uniquely bioactive and all the activities were determined for the compound (-)-1 ( Table 2 ). In the course of our research focused on finding new insecticidal agents, the compounds (-)-botryodiplodin dimer (2), (-)-2-epi-botryodiplodinenone (5) and 2,3-transbotryodiplodin acetate were also submitted to test against O. fasciatus ( Table 3) . The 410 other compounds were isolated in an insufficient quantity to perform biological trials.
In conclusion, biological assays showed that (-)-botryodiplodin (1) 
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